Summary: Surgical approaches to the cervicothoracic junction frequently involve complicated dissection because of the restricted accessibility during the procedure and the close proximity of the great vessels. Common indications for surgical intervention include infections, neoplasms, and fractures. Approaches described here are useful for pathologies of the difficult-to-access upper thoracic spine (T1-T4). The modified anterior approach has become the method of choice at the authors' institution. Care must be taken when using this approach so as not to injure the recurrent laryngeal nerve or the brachiocephalic vessels. When using the sternal splitting approach, it is important to keep in mind that it adds marked morbidity risk with the potential for a sternal wound infection. The transthoracic approach uses a proximal thoracotomy with removal of the third or fourth rib. Exposure to the first four thoracic ribs is adequate with this technique, but access to the lower cervical vertebrae can be difficult. Other complications associated with this approach are the added morbidity related to lung manipulation and the potential for Horner's syndrome resulting from damage to the sympathetic chain. In general, neurologic results depend largely on the patient's preoperative status and their underlying disease process. Postoperative complications, such as shoulder dysfunction, hardly ever occur, and swallowing dysfunction is usually short lived. A positive outcome is that some patients can achieve as much as a 20°c orrection of kyphosis. In conclusion, the authors have found that most patients recover quite well from this procedure, with the vast majority experiencing notable pain relief and a timely return to independent ambulation. Key Words: Cervicothoracic junction-Superior approach-Thoracotomy-Sternal splitting approach.
Surgical approaches to the cervicothoracic junction often involve difficult dissection resulting from the close proximity of major vascular structures. The great vessels, the sternum, and the clavicle often limit accessibility during the procedure. The three most common indications for surgical intervention at the cervicothoracic junction are infections, neoplasms, and fractures. Because the cervicothoracic junction has a natural progression toward anterior vertebral body collapse and subsequent kyphosis, this adds to the difficulty in obtaining access to this particular area. The three most widely used approaches to the cervicothoracic junction have been the modified anterior, the sternal splitting, and the transthoracic. The modified anterior approach has become the method of choice in our practice.
PREOPERATIVE PLANNING AND RADIOGRAPHIC ASSESSMENT
Two main factors that are of paramount importance with respect to preoperative planning are localizing the pathology through available imaging techniques and thoroughly understanding the anatomy of the cervicothoracic junction and the thoracic inlet. When proceeding from anterior to posterior, the first structures encountered are osseous and consist of the manubrium, sternoclavicular joint, and medial third of the clavicle. The next structures encountered are vascular and include the left subclavian and brachiocephalic veins, the left common carotid and subclavian arteries, and the aortic arch. Other important structures that are crucial to note in the same coronal plane include the trachea, esophagus, and recurrent laryngeal nerve.
Plain radiography often proves to be an insufficient imaging modality to afford adequate viewing of this region. With this in mind, it is recommend that computed tomography be used to assess better the extent of osseous involvement in addition to help localize the level of bony pathology. Magnetic resonance imaging can also be used to help gauge the degree of soft-tissue extension, particularly in infections associated with abscesses and in neoplasms. Plain radiography, however, should not be overlooked and does play an important role. Lateral extension cervical spine films can help determine the disk space level at which the manubrium/clavicular head lies. In people with long, thin necks this level can be as low as T2, which should allow access to the upper thoracic spine via a standard anterior approach to the neck.
PROPER PATIENT POSITIONING
The patient should be placed in the supine position on the operating table with a rolled towel between both scapulae. The towel allows for maximum neck hyperextension. The patient's head is rotated toward the patient's right side to allow for access of the cervical spine on the left side because of the consistent anatomy of the recurrent laryngeal nerve. If intraoperative traction is used, then it is necessary to place a halo ring or skull tongs. This should be performed only after induction of anesthesia. Appropriate measures must be taken to ensure the patient is well padded. It is strongly recommend that spinal cord monitoring be performed with baselines obtained before positioning. The patient's arms should be tucked into their sides. The anterior and lateral neck, the anterior and lateral chest to the midsternal level, and the left clavicle should all be prepared and draped in a sterile fashion. It can be helpful to tape down the patient's shoulders firmly to allow a less hindered view of the spine during intraoperative radiography. When performing this procedure, the brachial plexus should be monitored and the signals checked after taping of the shoulders.
STANDARD SURGICAL APPROACH
The standard surgical approach to the cervicothoracic junction is an anterior superior approach. The preferred initial incision is a "hockey stick" type that is made over the anterior aspect of the left side of the neck, placing the transverse limb approximately 2 to 4 cm proximal and parallel to the left clavicle, and extending it laterally to the lateral border of the sternocleidomastoid muscle (Fig.  1) . The vertical limb begins at the medial end of the transverse limb and extends distally to a point just past the manubriosternal junction. The vertical portion is often made first so that dissection can be used to under- stand the distal reach before manubriosternal dissection. If one stays medial to the carotid sheath, then the thoracic duct will not be in jeopardy.
After the skin is incised, the dissection is continued though the platysma, creating subcutaneous flaps (Fig.   2 ). If increased exposure and mobilization are needed, the external and internal jugular veins may be sacrificed, although this is seldom necessary. Next, subperiosteal dissection is performed by elevating the clavicular and manubrial insertions of the sternocleidomastoid proximally and laterally. As a group, the strap muscles are cut deep to the clavicle and are elevated proximally and medially (Fig. 3) .
Subperiosteal stripping of the medial third of the clavicle and the left half of the manubrium is now performed. The clavicle is then sectioned at the junction of the middle and medial thirds with the aide of a Gigli saw (Fig. 4A) . Close attention must be paid to avoid injury to the left subclavian vein, which is apposed closely to the posteroinferior surface of the clavicle. At this point, the clavicle can be disarticulated sharply from the manubrium (Fig. 4B) .
Dissection is now carried out proximally, releasing the fascia over the carotid sheath. An interval exists between the trachea and the esophagus medially and the carotid sheath laterally. One should be aware that the recurrent laryngeal nerve is usually found between the trachea and the esophagus on the left side. This nerve can be retracted safely medially, along with the strap muscles, esophagus, and trachea. Large Cloward retractors are suitable to perform this function. Make sure the surgical assistant remains vigilant and does not allow the retractors to slip superficially. If this occurs, a neuropraxia injury could result to the recurrent laryngeal nerve, which lies in the tracheoesophageal groove (Fig. 5) . Large and medium Richardson retractors can also be used because of their broad, smooth face, which allows an even distribution of pressure on the larger vascular structures, reducing the possibility of local ischemia and perforation. After the retractors are placed carefully, the brachiocephalic vessels can be seen in the most distal portion of the wound. The esophagus, trachea, right brachiocephalic artery, and, more laterally, the right brachiocephalic vein are all retracted inferolaterally to the patient's right. Along with the left carotid sheath, the left brachiocephalic and subclavian veins are retracted inferolaterally to the patient's left. As the prevertebral fascia is dissected free, the vertebral bodies from C4 to T4 should now be visualized easily. Noting the longus colli muscles, which insert consistently into the lateral aspect of the T1, T2, and T3 vertebral bodies, can identify quickly the level of dissection. An erect radiograph should always be taken with a needle inserted into a proximal disk space to ensure identification of the proper level.
ALTERNATIVE TECHNIQUES
Another technique used involves the use of a proximal thoracotomy with removal of the third or fourth rib. The patient is placed in the left lateral decubitus position and is then rolled 30°toward the supine position (Fig. 6A) . The skin incision is made over the rib to be resected beginning at the anterior axillary line and extending laterally and posteriorly to the lateral border of the right paraspinal muscles (Fig. 6B) . Next, the latissimus dorsi and trapezius muscles are sectioned and then retracted (Fig. 7) . Rib resection is performed by cutting the rib as far anteriorly and posteriorly as possible. Care is taken to protect the neurovascular bundle, which consists of the intercostal nerve, artery, and vein. A rib cage spreader is placed with a wet towel in place to cover the right lung before it is retracted anteriorly. Utilization of a doublelumen endotracheal tube is the method of choice at this stage of the procedure to let the lung down during this point. With this technique, exposure to the first four thoracic ribs is adequate, but access to the lower cervical vertebrae is often challenging. Another downside to this approach is that it carries the added morbidity associated with chest tubes and lung manipulation. The sympathetic ganglion chain is also at risk during this exposure (Fig.  8) . Disrupting the integrity of this structure can potentially cause Horner's syndrome, leading to ptosis, miosis, and anhydrosis.
Another option to consider is the sternal splitting approach. It should be noted that splitting the sternum alone will not yield any notable exposure of the spine; therefore, this technique must be used in conjunction with an anterior cervical incision. Before the sternum can be cut, the retrosternal space must be developed thoroughly. This is usually accomplished using blunt dissection (Fig. 9) . The sternum is cut longitudinally with either an oscillating or Gigli saw (Fig. 10) . It is then retracted with a self-retaining sternal retractor (Fig. 11) . Care is then taken to dissect the retropleural fascia, resulting in exposure of the cervicothoracic junction (Fig. 12) . It is important to keep in mind that the sternal splitting approach does not provide any more exposure than that obtained with the modified anterior approach. It does, however, add a substantial morbidity risk, with the potential for a sternal wound infection, which could require extensive muscular flap coverage. It is mainly the increased morbidity or potential for disruption of nearby structures that makes the modified anterior approach the preferred method of choice.
POSTOPERATIVE PATIENT MANAGEMENT AND BRACING
Most patients should be immobilized routinely during the postoperative stage for a period of 6 to 12 weeks. This length of time will vary depending on the patient's physiologic status, specific pathology, and the degree of bony healing corresponding to radiography. Our practice prefers to place patients into an Aspen Collar (Aspen Medical Products, Long Beach, CA) with a T extension. This is a rigid-type collar consisting of two pieces, front and back, that are attached on the sides by Velcro. It is usually worn 24 hours a day and patients are typically more comfortable if cornstarch or a silk scarf is applied next to the skin, underneath the collar. Other alternatives to consider include the Minerva and SOMI braces (Or- thomed, Johannesburg, South Africa). A halo apparatus affords the most rigid fixation of the cervical spine available, but is used only in cases of unstable fractures or multiple-level complex cervical spine surgery. It consists of a titanium halo ring that is placed around the patient's head and is held in place by four pins in the skull. The ring is connected to four bars that attach to a vest, worn by the patient, anchoring the halo device and holding their neck in place.
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COMPLICATIONS
The complication rate and type encountered are also similar to that of other more common superior approaches to the neck, but have the added morbidity associated with entering the lung cavity and the potential for injuring thoracic inlet vessels. The thoracic duct is in danger of being injured if the surgeon strays too far laterally from the carotid artery. Disrupting this vessel could lead to notable leakage of lymph fluid. As a rule, staying medial to the carotid sheath will avoid this problem. The thoracic duct should be repaired primarily, even though the tissues may prove to be extremely friable. Vascular injury can also occur to venous structures, including the brachiocephalic and subclavian veins, in addition to arterial structures, which consist of the carotid artery and aortic arch. Immediate attention must be given to achieving hemostasis by repairing primarily any injured vascular structures. Occasionally pressure necrosis resulting in perforation or direct injury to the esophagus may occur, leading to life-threatening retropharyngeal abscess and mediastinitis. At the end of every procedure it is routine practice to flood the esophagus with dilute Indigo carmine (5 mL in 60 mL saline) via a retracted orogastric tube and to look for blue dye leakage to ensure no occult injury has occurred. As mentioned previously, sternal wound infections can often lead to increased morbidity requiring muscular flap reconstruction when the sternal splitting approach is used. Moreover, as with all neck dissections, injury to the recurrent laryngeal nerve can occur and may result in dysphonia and dysphagia. More care has to be taken to keep retractors deep to the esophagus and not in the tracheoesophageal groove where the nerve runs and can be injured by repetitive retractor concussion. A final note is that an extremely rare complication of shoulder girdle weakness may arise as a result of the resection of the 
RESULTS
On average, neurologic results depend on preoperative status and underlying disease process. Myelopathy secondary to tumor, infection, or disk herniation can recover one to two Nurick grades. In addition, patients can expect to achieve approximately a 20°correction of kyphosis postoperatively. Shoulder dysfunction occurs rarely, and swallowing dysfunction is usually temporary. Finally, it has been our experience that most patients recover quite well from this procedure, with the vast majority experiencing notable pain relief and a timely return to independent ambulation.
CONCLUSION
These approaches are useful for pathologies of the difficult-to-access upper thoracic spine (T1-T4). If anatomic and dissection principles are achieved, then successful outcomes can be obtained and complications can be kept to a minimum.
